Background Peak oxygen consumption is reduced in patients with symptomatic congestive heart failure, but functional capacity of patients with asymptomatic left ventricular systolic dysfunction has not been assessed by measurement of peak oxygen consumption attained during graded exercise testing.
Background Peak oxygen consumption is reduced in patients with symptomatic congestive heart failure, but functional capacity of patients with asymptomatic left ventricular systolic dysfunction has not been assessed by measurement of peak oxygen consumption attained during graded exercise testing.
Methods and Results Peak oxygen consumption, that is, aerobic capacity (Vo2, mL/kg per minute), was determined during graded treadmill exercise using the modified Naughton protocol in 40 patients with left ventricular systolic dysfunction (mean ejection fraction ranging from 14% to 35%; mean, 29%) who, while not receiving any cardiac medications, were totally asymptomatic, and in 41 age-matched normal subjects. Peak exercise duration and Vo0 were significantly lower in patients with asymptomatic left ventricular systolic dysfunction than in normal subjects (948±273 versus 1239±372 seconds, P<.001, and 22.1±5.9 versus 29.8±7.7 mL/kg per minute, respectively, P<.001), while asymptomatic patients and normal subjects reached similar respiratory equivalents (1.14±0.11 versus 1.11±0.11 [NS] ) and level of perceived exertion, using the modified Borg scale (7.4±2.6 versus 8.1±1.5 [NS]). Heart rate, systemic blood pressure, and oxygen pulse responses to peak exercise were significantly lower in asymptomatic patients than in normal subjects.
Conclusions Although patients with left ventricular systolic dysfunction can be totally asymptomatic in their daily activities, they have experienced a substantial reduction in peak aerobic capacity when compared with normal subjects of similar age. 
Statistical Analysis
The data were kept and analyzed by the SOLVD Coordinating Center at the University of North Carolina at Chapel Hill. Results are given as mean±SD. The sample size computation for the normal control subjects was based on a power calculation using a two-sided t test at a=.05 and ,3=.10 (power=.90). A group of at least 40 normal subjects was required to detect an expected difference in exercise time of at least 250 seconds between normal subjects and asymptomatic patients with left ventricular systolic dysfunction, assuming a coefficient of variation of 30%. The statistical significance of difference between normal subjects and patients was determined using a two-way ANOVA.
Results

Normal Subjects
Eighteen of the 41 normal subjects reached maximum Vo2 and 23 did not because exhaustion prevented them from reaching maximum Vo2. All these 23 normal subjects reached a peak respiratory exchange ratio (RER) >1.0. Mean exercise duration and peak Vo2 were 1239+372 seconds and 29.8+7.7 mL/kg per minute, respectively, while peak perceived level of exertion and RER were 8.1+5.5 and 1.11±0.11, respectively. Mean Vo2 at anaerobic threshold was 23.2+6.0 mL/kg per minute. Heart rate increased from 78±11 beats per minute (bpm) at rest to 164±16 bpm at peak exercise (P<.001), as did systolic blood pressure from 126±22 to 183+22 mmHg (P<.001). Oxygen pulse increased from 3.8+±1.6 to 14.6±4.2 mL/beat (P<.001). (n=40) Plot of peak oxygen uptake (peak Vo2) reached during maximal graded exercise on a treadmill using a modffied Naughton protocol by normal subjects and asymptomatic patients with left ventricular ejection fraction c35%. Despite a substantial overlap, peak Vo2 was significantly lower (*P<.001) in asymptomatic patients than in normal age-matched subjects. LVSD indicates left ventricular systolic function.
and/or dyspnea led them to stop exercising before reaching maximum Vo2. All these 18 patients reached a peak RER > 1.0. Mean exercise duration and peak Vo2 were 948±273 seconds and 22.1±5.9 mL/kg per minute, respectively, while peak perceived level of exertion and mean RER were 7.4±2.6 and 1.14±0.11, respectively. Mean Vo2 at anaerobic threshold was 17.5±4.4 mL/kg per minute. Heart rate increased from 86±15 bpm at rest to 128±14 bpm at peak exercise (P<.001); systolic blood pressure also increased, from 122±+15 to 171±22 mm Hg (P<.001). Oxygen pulse increased from 3.4±0.9 to 11.1± 2.9 mV/beat (P<.001). Left ventricular ejection fraction at rest did not correlate with peak Vo2 or oxygen pulse (r=.045 and .124, respectively).
These asymptomatic patients enrolled in the present study were followed up during the entire duration of the prevention trial of SOLVD, which averaged 808±181 days. During the entire period of follow-up, medical therapy for heart failure was initiated in only 3 of the 40 patients. The peak Vo2 of the 37 patients who remained asymptomatic and received no cardiovascular agents for treatment of congestive heart failure was identical to those of the entire 40 patients (22.2±6.0 versus 22.1±5.9 mL/kg per minute). Asymptomatic Patients Versus Normal Subjects Peak Vo2 attained by asymptomatic patients was significantly lower than that attained by normal subjects (Figure) . Similarly, exercise duration was significantly lower (948±273 versus 1239±372 seconds, P<.001). When only patients and normal subjects who reached a maximum Vo2 were analyzed, maximum functional capacity was also substantially lower in patients than in normal subjects (21.8±5.8 versus 28.6±5.6 mbikg per minute, respectively, P<.001). Heart rate, systolic blood pressure, and oxygen pulse responses to exercise were significantly attenuated in asymptomatic patients when compared with normal subjects (P<.05), while perceived levels of exertion and respiratory equivalent ratio attained by asymptomatic patients and normal subjects during exercise were similar.
Discussion
The present findings indicate that patients with moderate to severe left ventricular systolic dysfunction at rest, who nevertheless were completely asymptomatic, have already experienced a substantial reduction in peak aerobic capacity when compared with normal subjects of similar age. Although a greater number of women among normal subjects than among asymptomatic patients could have led to underestimating peak aerobic capacity in the former group, the findings were similar when only men were considered in asymptomatic patients and normal subjects (22.3±5.9 versus 30.9± 7.7 mL/kg per minute). The peak Vo2 of asymptomatic patients with left ventricular systolic dysfunction is halfway between that of age-matched normal subjects (30.9 mL/kg per minute) and severely symptomatic patients with congestive heart failure (<12 mL/kg per minute). 22 The substantial reduction in peak aerobic capacity observed in asymptomatic patients resulted from both decreased heart rate and oxygen pulse responses to maximal exercise. During exercise, heart rate increased by 93% in asymptomatic patients with depressed ejection fraction and 119% in normal subjects, and oxygen pulses increased by 220% and 270%, respectively. The reduced increase in heart rate experienced by patients with congestive heart failure during exercise is secondary to abnormalities of the parasympathetic and sympathetic nervous system.2425 The abnormalities of the sympathetic system appear to be due in part to postsynaptic desensitization of the 83-adrenergic receptor pathway. 26 The inability of the oxygen pulse to adequately increase during exercise in asymptomatic patients most probably reflects the lack of or minimal increase in stroke volume in patients. 27 The importance of normal regulation of the stroke volume to reach maximal functional capacity has been pointed out by Higginbotham et al28 in normal humans. The lack of correlation between resting indices of left ventricular performance and peak aerobic capacity, which was previously reported in patients with congestive heart failure, may result in part from a dual limitation to exercise capacity. 29 
Summary
Although patients with left ventricular systolic dysfunction may be totally asymptomatic during the course of their daily activities, objective measurement of functional capacity reveals that their peak aerobic capacity is substantially lower than that of normal subjects of similar age.
